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ABSTRACT: 

PROBLEM TO BE SOLVED: To prevent generation of fine cracks on a 
device 

structure to be grown on a GaN substrate in order to improve element 
characteristic such as operation life characteristic, by growing a nitride 
semiconductor having a thermal expansion coefficient that is smaller than 
that 

of GaN on a GaN substrate and then forming a device structure thereon. 
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SOLUTION: After a buffer layer consisting of GaN is grown on a substrate 
11, 

a first nitride semiconductor layer 12 consisting of undoped GaN having a 
thermal expansion coefficient smaller than that of GaN is grown and 
thereafter 

a second nitride semiconductor layer 13 consisting of undoped GaN is 
grown. 

Thereafter, a device structure including undoped n-type contact layer 1, n- 
type 

contact layer 2, crack preventing layer 3, n-type clad layer 4, n-type gidde 
layer 5, active layer 6 of multiple quantum well structure, p-type electron 
confining layer 7, p-type guide layer 8 consisting of undojed.GaN, p-type 
crack 

layer 9, p-type contact layer 10 and p-type electrode 20 via a second 
protection film 62 is formed. 
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X£JBV\ Si^5xl0 18 /cra 3 K-7Uln 
o.08Ga 0 .92Ni9&&:?5-y?|SftilJI3£0. 15// 

[0038] (nM^5-yHS4)»:t. aJS2:10 5 
OTHCLT. M$WXiZTMA. TMGRVTy^-T 
£fflV\ T>Y-70)A lo.HGao.8sN J: O^Afl 
£2 5*>fXbV-&CDimXfm2it. M^X. T 
MA^to^tt^XtLT^^y^X^fflW Si 
£5X1 0 18 /cm3 K-T-LJtGaNiO^SBfl^ 
2 5^y^hn-A<olS»T > j£^-a:*. -E-LT, £ 
tf>iift£<£*l-?*ll 6 O0MIOigtTA«i: BJ§i:£« 
JIU ^Kff8 0 0 0^y^xhD-A^JllS (SIS 
^fflJS) ±0^nM^7-/K®4£^$-«i-5. 

[0039] ( nm#4 vm 5 ) Ra^iar^ 
ra^xtrTMGatxr^-r^fflvK ryK-ro 

GaNJOSr&nSWM Kfl£0. 0 7 5 m^KffT 

[0040] (?sttii6) mz. ias£8oox:KL 

t> lg^XtCTM I . TMG&tXTyt-T£fflV\ 
^HH^XfcLT^^^X^fflVV Si£5X10»» 
/cm3 h'-TLfcl no.oiGao.ooNiO^SKSfl 

£ i o o*>yxvv-j±<?>m.xm : %*ih. 

T. ^5y*"X£±i6. T>-K-TCO I no. u Gao. 89 
N J: O^S#FS£ 5 O^y^x ho-A<o|gff-C'jS^ 
^<7)«^£3|5Iig*)jiL. Jg^HWM«£»« 
L^^ISff 5 5 0*>^X hD-Ac0^aft^#Fffljt 
(MQW) OS5ttS6£^$-frl,. 

[00413 ( prnm^mt^mi > i^agcoia 



(7 

1 1 

SC. JgfWtTMA. TMG&VTy^-TZm 
V\ ^tiMJfXblXCpzMg (^a^y^i/x- 
A^*;/"^) £fflV\ Mg^lxlOVcm'H 
-TLJtA lo.4Gao.sNi 0=5rSpa€^Ktiii6« 
75-10 0 *V?X hO-ACOKST-^S-^S. 
[0042] ( pSWf'f KB8 ) iKfc. jSS£- 10 5 0 
XHzlX. MmtfXIiZTMGRVTVt-TZf&K T 
>F-7<r>GaN£t)%&pmtf4\ ( m8i:Q. 075 

K-7fc LXfRMZithtf. pW.mmtT&bm7frt> 10 
05Mg<»acJ:9. Mgia*f5xiO'Vcm3t 
&9pS£*"?-. 

[0043] ( P i;77 f«9 ) i^sioiss 

T. K*fc#*£TMA. TMG&VYy^-TZm^ 
TV K-7V>A 1 o. i G ao. 9 N i 0 Ajg£ 2 5 *V 
^Xho-A<OKJfm&$-ti\ &Wt % TMASrjh 
«>. ^tt!fe^XfcLrCp2M g 5rfflV\ Mg£5Xl 
O 1 Vcm 3 K-TLfcGaNJ: O&SBJf £ 2 5^ 

igffsooojry^xbn-A^jiis (tmrmm 

X 9 % h p y -y KJf 9 £ S . 

[0044] (play^Mio) ifcfc. HSIcoia 
ST. JIfi^tTMGaVT^-T$-fflV\ 
ifXb UTCp2MgSrfflV\ Mg^lxlOVcm^ 
K-TUtGaNJ O&SpSnv*? h«l 05 1 5 

[004 5]££ifcT&. RJ&SSSrtfcfcWC. ^xvn 
£gS#H§\+. 7 0 0'CXT--VV?*ft\\ pS 

s^setfls^i^-rs. 7--'j^a. ^x^kje 30 

SiO 2 J:0^tRgR5®fi!tLT. RIE (mm* 
^■yx-yf-y^) £fflns i c utfxicj: Ox-/^-y 

?9vm2<r>$m*m\}te*kh. mme <a> 

4ofcr. ftJJcO P |83^?Ml OOJIB^fflC. 
PVDgSfcJ:'). SiiHUHj (±fcLT. Si0 2 ) 

£*)%&mimmm6it:o. 5um<7)mxm&t 

«t. 7*M^XbJ9&6l&3<0fSS|g63£. XV 40 
7-fTgl. 8/im, flE$l M mT'^«-rS. iRfc. 0 

6(b) i^jprtx o izm3<?)mm6 3mmt. r i e 

(RBtt-f^yx yf-y^) ggfcj:9. CF4#x£ 

gJl^x-yf-y^LT. -Xh^Ttffc-f-S. -e<0&x 
•y f-^fftT'JIUl LT 7 * Vx b C9*£|&*-t h Z. 
biz**). 06 (c) fc^tJ^fcpfflJny^hJli 
0<Z>±KXh 8;um<9m<9flfcSJg6 1# 

[0046] 06 (d) {^-riat. Xh7 50 



^2000-299497 
1 2 

4^<9jfll<9fi^§i61JI&i!t&. BJ&RIEfc:«J:9S 
iC UtfXSrffllvC. pJ|3^;M10, fcitf 
pffl^^fKa9SrX-yf-y^LT. XhyJTffil. 
8um0)V «> =JBWiX Yy4 TtrBf&th . 'J -/ 3>X 
h747®j£&. ^i-^PVDUBfcfftgU 06 
(e) fc^-$-J:3fc. ZrlKt^ (±tLTZr0 2 ) 

4 9*&gS2<D«aig6 25:. Sll<DSgffi!6 1<9± 
fc. x.y^^fc«];0Saj$^Pffll^7 yH«9O± 
(CO. 5umcr>imxW&LX&&?h. Z<7)£olzZ 

m^-vv&fczm&zt&X'ZisiLw at. v*. 

->Nfc7*KfcS»U 06 ( f ) fcijtti mi 

coixai86 1 5 y 7 b * 73$: j; o . 

[OO4 7]&iC06 (g) tcjjrfidfc. Pffl3^ 
9 hM 1 0 *)±?)8 1 Oftg§|6 1 #Rfc£ StlTSaj L 
Jt-5-Opfflav^^ M<0^ffitcN i/Au J: 9&«>p 
Sffi2 0$-»^S. {HLp«S2O«10 0^m<OX 

h^^mgfcLT. r«o0(c^-j:dt. m2co&mm 

6 2«0±fcaioT»JS-rS. S2«Of5^IS6 2^J«^ 
ffl5iZ7F%ti&£oiz2itliiZitt:iitii3V?7hM2co 
^ffitttT i/A 1 i 9^Snl|fli2 IZXYyJTt 

^x^mx-mcth. 

[0048] JJLbcOidfcLT. n«ffit P Sffifc5» 
«L7f>xy\CT)GaNaiR$-SfgLT»i*y 1 0 Ovmt 
xhyJyryxvmtezmW&lifaT. WS.®fr 

h^-mzmmt. mm® ( 1 1 - oo®, ?mm;<o 
gmmiz s i 02 tT i o 2 «t 9 %&wmfcmmzB 

fi£L. ftfttCpmffitcW5:*-|6l-C. /N'-5«grLT0 

5 (^-J: a f m^b-T S . SrfeftfiSSJMi 3 0 
0~5 0 0jumt-rsc:t*s|iiL^. #fe*lfcl>— T 

-XVTiyflX. m&X'l'—mKi&iX-t:. *<» 
*S£, SlSfciJV%t:L^V^2. 5kA/cm2, Ll= 
V^ttmE5 VT» fag«[^4 0 0 nmc7)^|ag^i2 

£*u sia-ci^sia±<7)»^5^-. 

[0049] [HSS0!l2]|Sot«lfcfc^T. T>F- 

2 timzit&tinmmiz tx u-vmttwzttz . 
ft^n/c^i. mmmizttK**&3&tf£z®to 

[0050] [HJ&0I3] HJtWlttJUT. T>K- 
TnMny^^hfliaVSi F-7c?)nW3y??h 
«2c0Alffl^<0Jt50. 05*>^0. 2(C^g^-S<fi 

14. laSWlfcJJ.I'ISl^t^*?^*^^^^. 

[oo5i] [msM4] m&muzimx. tvy- 

7nW3V9?hmiRVSi K-7<0nf3^?h 
®2«9Alfflj£<9Jt5 0. 0 5*^0. 5lZ$z&tm 



1 3 

mmnzitKA i mL<r>&)fi±* <%-?fztz#>% 
mip^&h&m&hixh mm 1 1 mm 

[oo52] imtmsimmmiiz&^x. tvy- 

7°(0nMz>>?? hMl £A 1 Nt SiK-TiOn 

SfJMfS. WMifcW-WFtt. HSfeflll 
nl3y?? hmi&Vnmziy?? bJf 20A 1 ffljfc 

m&?? -/ ? ^gmts . mm 1 1 JJQ^fcJtliJ 
[0053] [nsfifiHi6] lawutfiwc. m2com 

h g a Na«fc -t zwmmiz lt tf*^ znmt 
&. %e>txfzu—mm. mmnzit^xR*)i^ 

tmmzm±zti&. mame^u—fm^i. 

has t^wmtffy^x^h *><d?k mm 1 1 im 

[0054] 

fiiiMmzmfcmmim? zmm-& z.ktfxz 
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14 

[01 1 *m?)irticozxuizti^Tmiiimm 
[H2] *m&mi<r>&j:mzti^TftL>tLZ>m{m 

[03 ] *^o^^g.xg (clJ ^-c^^^. & g^ 
[04] *HBB^^O#XSKtJ^T#<5>tlS^!fe 

[05] 05«. *ftwco-$m<mm?h h mm* 
[06]06»i. v-yi^m(oxby-(y^mm-h- 
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